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4Modeling Thermal Protection Systems (TPS)
Simulation of surface temperature
for MSL heatshield
Macroscale Modeling
Full scale material response solvers, using 
volume-averaged techniques to solve 
conservation equations for ablation
Lachaud and Mansour, JTHT 2013
Microscale Modeling
Used to inform material properties and 




Collect X-ray images of the sample as 
you rotate it through 180°
Use this series of images to 
reconstruct the 3D object
Multiple anglesPenetrating power Courtesy of D. Parkinson (ALS)
Porous Microstructure Analysis (PuMA) software
6
Ferguson, J. C., Panerai, F., Borner, A., & Mansour, N. N. (2018).   
PuMA: the Porous Microstructure Analysis software. SoftwareX, 7, 81-87.
https://software.nasa.gov/software/ARC-17920-1
CT Reconstruction of FiberForm
Challenges in Micro-scale modeling
7
12- ply real 
TPS weave
As NASA moves towards 




Formulate, implement and validate:
1. Finite Volume (FV) method to find the 
effective thermal conductivity due to 
anisotropic solid heat conduction
2. Ray Casting method for estimating the 
fiber orientation in CT reconstructions
3. Collision based Monte-Carlo method to 
find the View Factors (VF) to compute 
the effective radiative coefficient
Objectives
8
q = (kc + kr)rT
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SOLID HEAT CONDUCTION
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Computing the effective thermal conductivity
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dxdydz = 0 where q =
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Multi-Point Flux Approximation (MPFA*)
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• Integration carried out inside Control Volume (CV)
• Continuity of flux enforced inside Interaction Volume (IV)
*Ivar Aavatsmark. Multipoint flux approximation methods for quadrilateral grids. 9th International 
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q = ATB +BTN
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C TB =DTN ! TB = C 1DTN






















<latexit sha1_base64="J dM0JdJbWFowQK6T5bk/Bi/QqUc=">AAACSHicbVDNS8Mw HE3n15xfVY9egkMQxNkOQS/CmBdPMmFfsI+SZqkLS9Oap LJR+ud58ejNv8GLB0W8mXY76OaDwPu9934keW7IqFSW9W rklpZXVtfy64WNza3tHXN3rymDSGDSwAELRNtFkjDKSUN RxUg7FAT5LiMtd3Sd+q1HIiQNeF1NQtLz0T2nHsVIack xnYf+2IlrnCTwCo768Xic6DHpegLhuN6v6kFbp7Dev031 JB6elRN4kkUnC1G+EHXMolWyMsBFYs9IEcxQc8yX7iDAk U+4wgxJ2bGtUPViJBTFjCSFbiRJiPAI3ZOOphz5RPbirI gEHmllAL1A6MMVzNTfGzHypZz4rk76SA3lvJeK/3mdSHm XvZjyMFKE4+lFXsSgCmDaKhxQQbBiE00QFlS/FeIh0sUo 3X1Bl2DPf3mRNMsl2yrZd+fFSnVWRx4cgENwDGxwASrgB tRAA2DwBN7AB/g0no1348v4nkZzxmxnH/xBLvcDz/OyTw ==</latexit><latexit sha1_base64="J dM0JdJbWFowQK6T5bk/Bi/QqUc=">AAACSHicbVDNS8Mw HE3n15xfVY9egkMQxNkOQS/CmBdPMmFfsI+SZqkLS9Oap LJR+ud58ejNv8GLB0W8mXY76OaDwPu9934keW7IqFSW9W rklpZXVtfy64WNza3tHXN3rymDSGDSwAELRNtFkjDKSUN RxUg7FAT5LiMtd3Sd+q1HIiQNeF1NQtLz0T2nHsVIack xnYf+2IlrnCTwCo768Xic6DHpegLhuN6v6kFbp7Dev031 JB6elRN4kkUnC1G+EHXMolWyMsBFYs9IEcxQc8yX7iDAk U+4wgxJ2bGtUPViJBTFjCSFbiRJiPAI3ZOOphz5RPbirI gEHmllAL1A6MMVzNTfGzHypZz4rk76SA3lvJeK/3mdSHm XvZjyMFKE4+lFXsSgCmDaKhxQQbBiE00QFlS/FeIh0sUo 3X1Bl2DPf3mRNMsl2yrZd+fFSnVWRx4cgENwDGxwASrgB tRAA2DwBN7AB/g0no1348v4nkZzxmxnH/xBLvcDz/OyTw ==</latexit><latexit sha1_base64="J dM0JdJbWFowQK6T5bk/Bi/QqUc=">AAACSHicbVDNS8Mw HE3n15xfVY9egkMQxNkOQS/CmBdPMmFfsI+SZqkLS9Oap LJR+ud58ejNv8GLB0W8mXY76OaDwPu9934keW7IqFSW9W rklpZXVtfy64WNza3tHXN3rymDSGDSwAELRNtFkjDKSUN RxUg7FAT5LiMtd3Sd+q1HIiQNeF1NQtLz0T2nHsVIack xnYf+2IlrnCTwCo768Xic6DHpegLhuN6v6kFbp7Dev031 JB6elRN4kkUnC1G+EHXMolWyMsBFYs9IEcxQc8yX7iDAk U+4wgxJ2bGtUPViJBTFjCSFbiRJiPAI3ZOOphz5RPbirI gEHmllAL1A6MMVzNTfGzHypZz4rk76SA3lvJeK/3mdSHm XvZjyMFKE4+lFXsSgCmDaKhxQQbBiE00QFlS/FeIh0sUo 3X1Bl2DPf3mRNMsl2yrZd+fFSnVWRx4cgENwDGxwASrgB tRAA2DwBN7AB/g0no1348v4nkZzxmxnH/xBLvcDz/OyTw ==</latexit><latexit sha1_base64="J dM0JdJbWFowQK6T5bk/Bi/QqUc=">AAACSHicbVDNS8Mw HE3n15xfVY9egkMQxNkOQS/CmBdPMmFfsI+SZqkLS9Oap LJR+ud58ejNv8GLB0W8mXY76OaDwPu9934keW7IqFSW9W rklpZXVtfy64WNza3tHXN3rymDSGDSwAELRNtFkjDKSUN RxUg7FAT5LiMtd3Sd+q1HIiQNeF1NQtLz0T2nHsVIack xnYf+2IlrnCTwCo768Xic6DHpegLhuN6v6kFbp7Dev031 JB6elRN4kkUnC1G+EHXMolWyMsBFYs9IEcxQc8yX7iDAk U+4wgxJ2bGtUPViJBTFjCSFbiRJiPAI3ZOOphz5RPbirI gEHmllAL1A6MMVzNTfGzHypZz4rk76SA3lvJeK/3mdSHm XvZjyMFKE4+lFXsSgCmDaKhxQQbBiE00QFlS/FeIh0sUo 3X1Bl2DPf3mRNMsl2yrZd+fFSnVWRx4cgENwDGxwASrgB tRAA2DwBN7AB/g0no1348v4nkZzxmxnH/xBLvcDz/OyTw ==</latexit>
q = E TN where E = B +AC 1D
<latexit sha1_base 64="a8lhn3g/A+L61dsPniGYMRGDbxM="> AAACiXicbZFbSysxEMezq8dLPXrq8dGXYBG E4ym7B28cELRV8EkUrArdWrLZqQ1mLyaza lnyXfxMvvltTC+Cqw6E/PObmWQyE2ZSaPS8 V8edmv4xMzs3X1n4ubj0q7r8+1KnueLQ4q lM1XXINEiRQAsFSrjOFLA4lHAV3jWH/qsHU FqkyQUOMujE7DYRPcEZWtStPgdhKiM9iO1 W3Bu6Tz+CY0ODzRK5MDenNLjPWUQDhCcsHv ugwLyjcm75soahf0rg0JSOTXNT/PXL7Mh0 qzWv7o2MfhX+RNTIxM661ZcgSnkeQ4JcMq 3bvpdhp2AKBZdgKkGuIWP8jt1C28qExaA7x aiThq5bEtFequxKkI7ox4yCxXpYmo2MGfb 1Z98Qfudr59jb6xQiyXKEhI8f6uWSYkqHY6 GRUMBRDqxgXAlbK+V9phhHO7yKbYL/+ctf xeW/uu/V/fOt2kFj0o45skrWyAbxyS45ICf kjLQId2acTWfb2XEXXN/dc/+PQ11nkrNCS uY23wCdh8c0</latexit><latexit sha1_base 64="a8lhn3g/A+L61dsPniGYMRGDbxM="> AAACiXicbZFbSysxEMezq8dLPXrq8dGXYBG E4ym7B28cELRV8EkUrArdWrLZqQ1mLyaza lnyXfxMvvltTC+Cqw6E/PObmWQyE2ZSaPS8 V8edmv4xMzs3X1n4ubj0q7r8+1KnueLQ4q lM1XXINEiRQAsFSrjOFLA4lHAV3jWH/qsHU FqkyQUOMujE7DYRPcEZWtStPgdhKiM9iO1 W3Bu6Tz+CY0ODzRK5MDenNLjPWUQDhCcsHv ugwLyjcm75soahf0rg0JSOTXNT/PXL7Mh0 qzWv7o2MfhX+RNTIxM661ZcgSnkeQ4JcMq 3bvpdhp2AKBZdgKkGuIWP8jt1C28qExaA7x aiThq5bEtFequxKkI7ox4yCxXpYmo2MGfb 1Z98Qfudr59jb6xQiyXKEhI8f6uWSYkqHY6 GRUMBRDqxgXAlbK+V9phhHO7yKbYL/+ctf xeW/uu/V/fOt2kFj0o45skrWyAbxyS45ICf kjLQId2acTWfb2XEXXN/dc/+PQ11nkrNCS uY23wCdh8c0</latexit><latexit sha1_base 64="a8lhn3g/A+L61dsPniGYMRGDbxM="> AAACiXicbZFbSysxEMezq8dLPXrq8dGXYBG E4ym7B28cELRV8EkUrArdWrLZqQ1mLyaza lnyXfxMvvltTC+Cqw6E/PObmWQyE2ZSaPS8 V8edmv4xMzs3X1n4ubj0q7r8+1KnueLQ4q lM1XXINEiRQAsFSrjOFLA4lHAV3jWH/qsHU FqkyQUOMujE7DYRPcEZWtStPgdhKiM9iO1 W3Bu6Tz+CY0ODzRK5MDenNLjPWUQDhCcsHv ugwLyjcm75soahf0rg0JSOTXNT/PXL7Mh0 qzWv7o2MfhX+RNTIxM661ZcgSnkeQ4JcMq 3bvpdhp2AKBZdgKkGuIWP8jt1C28qExaA7x aiThq5bEtFequxKkI7ox4yCxXpYmo2MGfb 1Z98Qfudr59jb6xQiyXKEhI8f6uWSYkqHY6 GRUMBRDqxgXAlbK+V9phhHO7yKbYL/+ctf xeW/uu/V/fOt2kFj0o45skrWyAbxyS45ICf kjLQId2acTWfb2XEXXN/dc/+PQ11nkrNCS uY23wCdh8c0</latexit><latexit sha1_base 64="a8lhn3g/A+L61dsPniGYMRGDbxM="> AAACiXicbZFbSysxEMezq8dLPXrq8dGXYBG E4ym7B28cELRV8EkUrArdWrLZqQ1mLyaza lnyXfxMvvltTC+Cqw6E/PObmWQyE2ZSaPS8 V8edmv4xMzs3X1n4ubj0q7r8+1KnueLQ4q lM1XXINEiRQAsFSrjOFLA4lHAV3jWH/qsHU FqkyQUOMujE7DYRPcEZWtStPgdhKiM9iO1 W3Bu6Tz+CY0ODzRK5MDenNLjPWUQDhCcsHv ugwLyjcm75soahf0rg0JSOTXNT/PXL7Mh0 qzWv7o2MfhX+RNTIxM661ZcgSnkeQ4JcMq 3bvpdhp2AKBZdgKkGuIWP8jt1C28qExaA7x aiThq5bEtFequxKkI7ox4yCxXpYmo2MGfb 1Z98Qfudr59jb6xQiyXKEhI8f6uWSYkqHY6 GRUMBRDqxgXAlbK+V9phhHO7yKbYL/+ctf xeW/uu/V/fOt2kFj0o45skrWyAbxyS45ICf kjLQId2acTWfb2XEXXN/dc/+PQ11nkrNCS uY23wCdh8c0</latexit>
q(x, t) = E(x)TN (x, t)
<latexit sha1_base6 4="olOgWaDsFtrqhUqxqIZH+lO3/Nc=">AAA CKXicbZBLS8NAEMc3Pmt9RT16WSxCC6UkIuh FKIrgSSr0BU0tm+22XbrZxN2NWEK+jhe/ihc FRb36RdymOfThwLJ/fjPDzPzdgFGpLOvbWFp eWV1bz2xkN7e2d3bNvf269EOBSQ37zBdNF0n CKCc1RRUjzUAQ5LmMNNzh1TjfeCRCUp9X1Sgg bQ/1Oe1RjJRGHbPsuD7rypGnv+ghzj8VVQFe wGl6rWkBOsUZWI3vb5PijpmzSlYScFHYqciB NCod893p+jj0CFeYISlbthWodoSEopiROOuE kgQID1GftLTkyCOyHSWXxvBYky7s+UI/rmBC pzsi5MnxhrrSQ2og53Nj+F+uFareeTuiPAgV 4XgyqBcyqHw4tg12qSBYsZEWCAuqd4V4gATC Spub1SbY8ycvivpJybZK9t1prnyZ2pEBh+AI5 IENzkAZ3IAKqAEMnsEr+ACfxovxZnwZP5PSJ SPtOQAzYfz+Ae7MpmI=</latexit><latexit sha1_base6 4="olOgWaDsFtrqhUqxqIZH+lO3/Nc=">AAA CKXicbZBLS8NAEMc3Pmt9RT16WSxCC6UkIuh FKIrgSSr0BU0tm+22XbrZxN2NWEK+jhe/ihc FRb36RdymOfThwLJ/fjPDzPzdgFGpLOvbWFp eWV1bz2xkN7e2d3bNvf269EOBSQ37zBdNF0n CKCc1RRUjzUAQ5LmMNNzh1TjfeCRCUp9X1Sgg bQ/1Oe1RjJRGHbPsuD7rypGnv+ghzj8VVQFe wGl6rWkBOsUZWI3vb5PijpmzSlYScFHYqciB NCod893p+jj0CFeYISlbthWodoSEopiROOuE kgQID1GftLTkyCOyHSWXxvBYky7s+UI/rmBC pzsi5MnxhrrSQ2og53Nj+F+uFareeTuiPAgV 4XgyqBcyqHw4tg12qSBYsZEWCAuqd4V4gATC Spub1SbY8ycvivpJybZK9t1prnyZ2pEBh+AI5 IENzkAZ3IAKqAEMnsEr+ACfxovxZnwZP5PSJ SPtOQAzYfz+Ae7MpmI=</latexit><latexit sha1_base6 4="olOgWaDsFtrqhUqxqIZH+lO3/Nc=">AAA CKXicbZBLS8NAEMc3Pmt9RT16WSxCC6UkIuh FKIrgSSr0BU0tm+22XbrZxN2NWEK+jhe/ihc FRb36RdymOfThwLJ/fjPDzPzdgFGpLOvbWFp eWV1bz2xkN7e2d3bNvf269EOBSQ37zBdNF0n CKCc1RRUjzUAQ5LmMNNzh1TjfeCRCUp9X1Sgg bQ/1Oe1RjJRGHbPsuD7rypGnv+ghzj8VVQFe wGl6rWkBOsUZWI3vb5PijpmzSlYScFHYqciB NCod893p+jj0CFeYISlbthWodoSEopiROOuE kgQID1GftLTkyCOyHSWXxvBYky7s+UI/rmBC pzsi5MnxhrrSQ2og53Nj+F+uFareeTuiPAgV 4XgyqBcyqHw4tg12qSBYsZEWCAuqd4V4gATC Spub1SbY8ycvivpJybZK9t1prnyZ2pEBh+AI5 IENzkAZ3IAKqAEMnsEr+ACfxovxZnwZP5PSJ SPtOQAzYfz+Ae7MpmI=</latexit><latexit sha1_base6 4="olOgWaDsFtrqhUqxqIZH+lO3/Nc=">AAA CKXicbZBLS8NAEMc3Pmt9RT16WSxCC6UkIuh FKIrgSSr0BU0tm+22XbrZxN2NWEK+jhe/ihc FRb36RdymOfThwLJ/fjPDzPzdgFGpLOvbWFp eWV1bz2xkN7e2d3bNvf269EOBSQ37zBdNF0n CKCc1RRUjzUAQ5LmMNNzh1TjfeCRCUp9X1Sgg bQ/1Oe1RjJRGHbPsuD7rypGnv+ghzj8VVQFe wGl6rWkBOsUZWI3vb5PijpmzSlYScFHYqciB NCod893p+jj0CFeYISlbthWodoSEopiROOuE kgQID1GftLTkyCOyHSWXxvBYky7s+UI/rmBC pzsi5MnxhrrSQ2og53Nj+F+uFareeTuiPAgV 4XgyqBcyqHw4tg12qSBYsZEWCAuqd4V4gATC Spub1SbY8ycvivpJybZK9t1prnyZ2pEBh+AI5 IENzkAZ3IAKqAEMnsEr+ACfxovxZnwZP5PSJ SPtOQAzYfz+Ae7MpmI=</latexit>
C TB =DTN ! TB = C 1DTN
<latexit sha1_base 64="Do/pTrVw9iUE0phPFLC0F887zxU="> AAACkHicjZFbS8MwFMfTepvTadVHX4JD8E FHq4J7UJzOB/FBFJwKax1pmm1haVKSVBmln 8fv45vfxnT2wcsQD4T8+Z1LTs4JE0aVdt1 3y56ZnZtfqCxWl5ZrK6vO2vq9EqnEpIMFE /IxRIowyklHU83IYyIJikNGHsJRu/A/PBOp qOB3epyQIEYDTvsUI21Qz3n1Q8EiNY7Nlb Vz6O/Cr+QufzqHJ9/QxbSga8MKKulgqJGU 4qUEf9dq50/Znpf/o37PqbsNd2Lwt/BKUQe l3fScNz8SOI0J15ghpbqem+ggQ1JTzEhe9 VNFEoRHaEC6RnIUExVkk4HmcNuQCPaFNId rOKFfMzIUq6I5ExkjPVQ/fQWc5uumut8MMs qTVBOOPx/qpwxqAYvtwIhKgjUbG4GwpKZX iIdIIqzNDqtmCN7PL/8W9/sNz214t4f11n k5jgrYBFtgB3jgCLTAJbgBHYCtmnVgHVsn9 rrdtE/ts89Q2ypzNsA3s68+AFr8x/M=</l atexit><latexit sha1_base 64="Do/pTrVw9iUE0phPFLC0F887zxU="> AAACkHicjZFbS8MwFMfTepvTadVHX4JD8E FHq4J7UJzOB/FBFJwKax1pmm1haVKSVBmln 8fv45vfxnT2wcsQD4T8+Z1LTs4JE0aVdt1 3y56ZnZtfqCxWl5ZrK6vO2vq9EqnEpIMFE /IxRIowyklHU83IYyIJikNGHsJRu/A/PBOp qOB3epyQIEYDTvsUI21Qz3n1Q8EiNY7Nlb Vz6O/Cr+QufzqHJ9/QxbSga8MKKulgqJGU 4qUEf9dq50/Znpf/o37PqbsNd2Lwt/BKUQe l3fScNz8SOI0J15ghpbqem+ggQ1JTzEhe9 VNFEoRHaEC6RnIUExVkk4HmcNuQCPaFNId rOKFfMzIUq6I5ExkjPVQ/fQWc5uumut8MMs qTVBOOPx/qpwxqAYvtwIhKgjUbG4GwpKZX iIdIIqzNDqtmCN7PL/8W9/sNz214t4f11n k5jgrYBFtgB3jgCLTAJbgBHYCtmnVgHVsn9 rrdtE/ts89Q2ypzNsA3s68+AFr8x/M=</l atexit><latexit sha1_base 64="Do/pTrVw9iUE0phPFLC0F887zxU="> AAACkHicjZFbS8MwFMfTepvTadVHX4JD8E FHq4J7UJzOB/FBFJwKax1pmm1haVKSVBmln 8fv45vfxnT2wcsQD4T8+Z1LTs4JE0aVdt1 3y56ZnZtfqCxWl5ZrK6vO2vq9EqnEpIMFE /IxRIowyklHU83IYyIJikNGHsJRu/A/PBOp qOB3epyQIEYDTvsUI21Qz3n1Q8EiNY7Nlb Vz6O/Cr+QufzqHJ9/QxbSga8MKKulgqJGU 4qUEf9dq50/Znpf/o37PqbsNd2Lwt/BKUQe l3fScNz8SOI0J15ghpbqem+ggQ1JTzEhe9 VNFEoRHaEC6RnIUExVkk4HmcNuQCPaFNId rOKFfMzIUq6I5ExkjPVQ/fQWc5uumut8MMs qTVBOOPx/qpwxqAYvtwIhKgjUbG4GwpKZX iIdIIqzNDqtmCN7PL/8W9/sNz214t4f11n k5jgrYBFtgB3jgCLTAJbgBHYCtmnVgHVsn9 rrdtE/ts89Q2ypzNsA3s68+AFr8x/M=</l atexit><latexit sha1_base 64="Do/pTrVw9iUE0phPFLC0F887zxU="> AAACkHicjZFbS8MwFMfTepvTadVHX4JD8E FHq4J7UJzOB/FBFJwKax1pmm1haVKSVBmln 8fv45vfxnT2wcsQD4T8+Z1LTs4JE0aVdt1 3y56ZnZtfqCxWl5ZrK6vO2vq9EqnEpIMFE /IxRIowyklHU83IYyIJikNGHsJRu/A/PBOp qOB3epyQIEYDTvsUI21Qz3n1Q8EiNY7Nlb Vz6O/Cr+QufzqHJ9/QxbSga8MKKulgqJGU 4qUEf9dq50/Znpf/o37PqbsNd2Lwt/BKUQe l3fScNz8SOI0J15ghpbqem+ggQ1JTzEhe9 VNFEoRHaEC6RnIUExVkk4HmcNuQCPaFNId rOKFfMzIUq6I5ExkjPVQ/fQWc5uumut8MMs qTVBOOPx/qpwxqAYvtwIhKgjUbG4GwpKZX iIdIIqzNDqtmCN7PL/8W9/sNz214t4f11n k5jgrYBFtgB3jgCLTAJbgBHYCtmnVgHVsn9 rrdtE/ts89Q2ypzNsA3s68+AFr8x/M=</l atexit>
Analytical Case for Anisotropic sample
ki,j,k =
24 1 0.75 0.750.75 1 0.75
0.75 0.75 1
35
<latexit sha1_base64="I0j X0XMx162EjocdjCF1fC4hZGE=">AAACYnicbVHPS8MwGE2r0 1l1P/Soh+BQPIzRijIvwtCLRwWng3WMNP22xaVpSVJxlP6T3j x58Q8xm1XU+SB8j/fyJV9egoQzpV331bJXVktr6+UNZ3Nru1 Kt1XfuVZxKCl0a81j2AqKAMwFdzTSHXiKBRAGHh2B6NfcfnkA qFos7PUtgEJGxYCNGiTbSsDbzg5iHahaZkk3zYcaaj81pji+ w4wcwZiILIqIle84dbODhI+y22mdfxfcXciF5/8tfruODCL/P G9YabstdAC8TryANVOBmWHvxw5imEQhNOVGq77mJHmREakY55 I6fKkgInZIx9A0VJAI1yBYR5fjQKCEexdIsofFC/dmRkUjNU zA7zXwT9debi/95/VSPzgcZE0mqQdDPi0YpxzrG87xxyCRQzW eGECqZmRXTCZGEavMrjgnB+/vkZXJ/0vLclnd72uhcFnGU0R 46QMfIQ23UQdfoBnURRW9WyapYVevdduy6vfu51baKnl30C/b +B3r0qrM=</latexit><latexit sha1_base64="I0j X0XMx162EjocdjCF1fC4hZGE=">AAACYnicbVHPS8MwGE2r0 1l1P/Soh+BQPIzRijIvwtCLRwWng3WMNP22xaVpSVJxlP6T3j x58Q8xm1XU+SB8j/fyJV9egoQzpV331bJXVktr6+UNZ3Nru1 Kt1XfuVZxKCl0a81j2AqKAMwFdzTSHXiKBRAGHh2B6NfcfnkA qFos7PUtgEJGxYCNGiTbSsDbzg5iHahaZkk3zYcaaj81pji+ w4wcwZiILIqIle84dbODhI+y22mdfxfcXciF5/8tfruODCL/P G9YabstdAC8TryANVOBmWHvxw5imEQhNOVGq77mJHmREakY55 I6fKkgInZIx9A0VJAI1yBYR5fjQKCEexdIsofFC/dmRkUjNU zA7zXwT9debi/95/VSPzgcZE0mqQdDPi0YpxzrG87xxyCRQzW eGECqZmRXTCZGEavMrjgnB+/vkZXJ/0vLclnd72uhcFnGU0R 46QMfIQ23UQdfoBnURRW9WyapYVevdduy6vfu51baKnl30C/b +B3r0qrM=</latexit><latexit sha1_base64="I0j X0XMx162EjocdjCF1fC4hZGE=">AAACYnicbVHPS8MwGE2r0 1l1P/Soh+BQPIzRijIvwtCLRwWng3WMNP22xaVpSVJxlP6T3j x58Q8xm1XU+SB8j/fyJV9egoQzpV331bJXVktr6+UNZ3Nru1 Kt1XfuVZxKCl0a81j2AqKAMwFdzTSHXiKBRAGHh2B6NfcfnkA qFos7PUtgEJGxYCNGiTbSsDbzg5iHahaZkk3zYcaaj81pji+ w4wcwZiILIqIle84dbODhI+y22mdfxfcXciF5/8tfruODCL/P G9YabstdAC8TryANVOBmWHvxw5imEQhNOVGq77mJHmREakY55 I6fKkgInZIx9A0VJAI1yBYR5fjQKCEexdIsofFC/dmRkUjNU zA7zXwT9debi/95/VSPzgcZE0mqQdDPi0YpxzrG87xxyCRQzW eGECqZmRXTCZGEavMrjgnB+/vkZXJ/0vLclnd72uhcFnGU0R 46QMfIQ23UQdfoBnURRW9WyapYVevdduy6vfu51baKnl30C/b +B3r0qrM=</latexit><latexit sha1_base64="I0j X0XMx162EjocdjCF1fC4hZGE=">AAACYnicbVHPS8MwGE2r0 1l1P/Soh+BQPIzRijIvwtCLRwWng3WMNP22xaVpSVJxlP6T3j x58Q8xm1XU+SB8j/fyJV9egoQzpV331bJXVktr6+UNZ3Nru1 Kt1XfuVZxKCl0a81j2AqKAMwFdzTSHXiKBRAGHh2B6NfcfnkA qFos7PUtgEJGxYCNGiTbSsDbzg5iHahaZkk3zYcaaj81pji+ w4wcwZiILIqIle84dbODhI+y22mdfxfcXciF5/8tfruODCL/P G9YabstdAC8TryANVOBmWHvxw5imEQhNOVGq77mJHmREakY55 I6fKkgInZIx9A0VJAI1yBYR5fjQKCEexdIsofFC/dmRkUjNU zA7zXwT9debi/95/VSPzgcZE0mqQdDPi0YpxzrG87xxyCRQzW eGECqZmRXTCZGEavMrjgnB+/vkZXJ/0vLclnd72uhcFnGU0R 46QMfIQ23UQdfoBnURRW9WyapYVevdduy6vfu51baKnl30C/b +B3r0qrM=</latexit>
T i,j,k =
8<: 0, x <  Lcos (3⇡/h x) + cos (3⇡/h z) ,   L  x  L
0, x > L
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Numerical
Analytical
Zhang Xiangzhou, Steady-State Temperatures in an Anisotropic Strip,  
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Conductivity Tensor Rotation
v = vxi+ vyj + vzk
<latexit sha1_base64="3ZoI4LgA/6Swjy P5VDpp/Ick63U=">AAACM3icbZBLS8NAEMc3Pmt9RT16WSyCIJREBL0IRS/iqYJ9QBvCZrN p124e7G6KMeQ7efGLeBDEgyJe/Q5u2hxi68Cyf34zw8z8nYhRIQ3jTVtYXFpeWa2sVdc3Nr e29Z3dtghjjkkLhyzkXQcJwmhAWpJKRroRJ8h3GOk4o6s83xkTLmgY3MkkIpaPBgH1KEZSI Vu/6Tshc0Xiqy8dZ/ACju2HMqMZPFYsKbP7KXsss1Fm6zWjbkwCzguzEDVQRNPWX/puiGOf BBIzJETPNCJppYhLihnJqv1YkAjhERqQnpIB8omw0snNGTxUxIVeyNULJJzQckeKfJGvpip 9JIdiNpfD/3K9WHrnVkqDKJYkwNNBXsygDGFuIHQpJ1iyRAmEOVW7QjxEHGGpbK4qE8zZk+ dF+6RuGnXz9rTWuCzsqIB9cACOgAnOQANcgyZoAQyewCv4AJ/as/aufWnf09IFrejZA39C+ /kFjEusrA==</latexit><latexit sha1_base64="3ZoI4LgA/6Swjy P5VDpp/Ick63U=">AAACM3icbZBLS8NAEMc3Pmt9RT16WSyCIJREBL0IRS/iqYJ9QBvCZrN p124e7G6KMeQ7efGLeBDEgyJe/Q5u2hxi68Cyf34zw8z8nYhRIQ3jTVtYXFpeWa2sVdc3Nr e29Z3dtghjjkkLhyzkXQcJwmhAWpJKRroRJ8h3GOk4o6s83xkTLmgY3MkkIpaPBgH1KEZSI Vu/6Tshc0Xiqy8dZ/ACju2HMqMZPFYsKbP7KXsss1Fm6zWjbkwCzguzEDVQRNPWX/puiGOf BBIzJETPNCJppYhLihnJqv1YkAjhERqQnpIB8omw0snNGTxUxIVeyNULJJzQckeKfJGvpip 9JIdiNpfD/3K9WHrnVkqDKJYkwNNBXsygDGFuIHQpJ1iyRAmEOVW7QjxEHGGpbK4qE8zZk+ dF+6RuGnXz9rTWuCzsqIB9cACOgAnOQANcgyZoAQyewCv4AJ/as/aufWnf09IFrejZA39C+ /kFjEusrA==</latexit><latexit sha1_base64="3ZoI4LgA/6Swjy P5VDpp/Ick63U=">AAACM3icbZBLS8NAEMc3Pmt9RT16WSyCIJREBL0IRS/iqYJ9QBvCZrN p124e7G6KMeQ7efGLeBDEgyJe/Q5u2hxi68Cyf34zw8z8nYhRIQ3jTVtYXFpeWa2sVdc3Nr e29Z3dtghjjkkLhyzkXQcJwmhAWpJKRroRJ8h3GOk4o6s83xkTLmgY3MkkIpaPBgH1KEZSI Vu/6Tshc0Xiqy8dZ/ACju2HMqMZPFYsKbP7KXsss1Fm6zWjbkwCzguzEDVQRNPWX/puiGOf BBIzJETPNCJppYhLihnJqv1YkAjhERqQnpIB8omw0snNGTxUxIVeyNULJJzQckeKfJGvpip 9JIdiNpfD/3K9WHrnVkqDKJYkwNNBXsygDGFuIHQpJ1iyRAmEOVW7QjxEHGGpbK4qE8zZk+ dF+6RuGnXz9rTWuCzsqIB9cACOgAnOQANcgyZoAQyewCv4AJ/as/aufWnf09IFrejZA39C+ /kFjEusrA==</latexit><latexit sha1_base64="3ZoI4LgA/6Swjy P5VDpp/Ick63U=">AAACM3icbZBLS8NAEMc3Pmt9RT16WSyCIJREBL0IRS/iqYJ9QBvCZrN p124e7G6KMeQ7efGLeBDEgyJe/Q5u2hxi68Cyf34zw8z8nYhRIQ3jTVtYXFpeWa2sVdc3Nr e29Z3dtghjjkkLhyzkXQcJwmhAWpJKRroRJ8h3GOk4o6s83xkTLmgY3MkkIpaPBgH1KEZSI Vu/6Tshc0Xiqy8dZ/ACju2HMqMZPFYsKbP7KXsss1Fm6zWjbkwCzguzEDVQRNPWX/puiGOf BBIzJETPNCJppYhLihnJqv1YkAjhERqQnpIB8omw0snNGTxUxIVeyNULJJzQckeKfJGvpip 9JIdiNpfD/3K9WHrnVkqDKJYkwNNBXsygDGFuIHQpJ1iyRAmEOVW7QjxEHGGpbK4qE8zZk+ dF+6RuGnXz9rTWuCzsqIB9cACOgAnOQANcgyZoAQyewCv4AJ/as/aufWnf09IFrejZA39C+ /kFjEusrA==</latexit>
k00 =
24kLong. 0 00 kTrans. 0
0 0 kTrans.
35
<latexit sha1_base64="613wfRW+Dlrdf+9rD5u2Jsrz6 zs=">AAACY3icbVHLSsQwFE3ru77qYydCcPCxGloRdCOIbly4GMFRYToOaXpnDJMmJUnFscxPunPnxv8w7RTxdeGSk3Pu vUlO4owzbYLgzXGnpmdm5+YXvMWl5ZVVf239VstcUWhTyaW6j4kGzgS0DTMc7jMFJI053MXDi1K/ewKlmRQ3ZpRBNyUDw fqMEmOpnv8SxZInepTapRiO9/fxqRfFMGCiiFNiFHsee9jG8KG4kmLQHOM9HFQZRZVQbqx4o4jQtfpN+al6EYjka27Pbw TNoAr8F4Q1aKA6Wj3/NUokzVMQhnKidScMMtMtiDKMcrDTcw0ZoUMygI6FgqSgu0Xl0RjvWibBfalsCoMr9ntHQVJd2mA r7f0e9W+tJP/TOrnpn3QLJrLcgKCTg/o5x0bi0nCcMAXU8JEFhCpm74rpI1GEGvstnjUh/P3kv+D2sBkGzfD6qHF2Xtsx j7bQDjpAITpGZ+gStVAbUfTuzDqrju98uIvuurs5KXWdumcD/Qh3+xMZxa88</latexit><latexit sha1_base64="613wfRW+Dlrdf+9rD5u2Jsrz6 zs=">AAACY3icbVHLSsQwFE3ru77qYydCcPCxGloRdCOIbly4GMFRYToOaXpnDJMmJUnFscxPunPnxv8w7RTxdeGSk3Pu vUlO4owzbYLgzXGnpmdm5+YXvMWl5ZVVf239VstcUWhTyaW6j4kGzgS0DTMc7jMFJI053MXDi1K/ewKlmRQ3ZpRBNyUDw fqMEmOpnv8SxZInepTapRiO9/fxqRfFMGCiiFNiFHsee9jG8KG4kmLQHOM9HFQZRZVQbqx4o4jQtfpN+al6EYjka27Pbw TNoAr8F4Q1aKA6Wj3/NUokzVMQhnKidScMMtMtiDKMcrDTcw0ZoUMygI6FgqSgu0Xl0RjvWibBfalsCoMr9ntHQVJd2mA r7f0e9W+tJP/TOrnpn3QLJrLcgKCTg/o5x0bi0nCcMAXU8JEFhCpm74rpI1GEGvstnjUh/P3kv+D2sBkGzfD6qHF2Xtsx j7bQDjpAITpGZ+gStVAbUfTuzDqrju98uIvuurs5KXWdumcD/Qh3+xMZxa88</latexit><latexit sha1_base64="613wfRW+Dlrdf+9rD5u2Jsrz6 zs=">AAACY3icbVHLSsQwFE3ru77qYydCcPCxGloRdCOIbly4GMFRYToOaXpnDJMmJUnFscxPunPnxv8w7RTxdeGSk3Pu vUlO4owzbYLgzXGnpmdm5+YXvMWl5ZVVf239VstcUWhTyaW6j4kGzgS0DTMc7jMFJI053MXDi1K/ewKlmRQ3ZpRBNyUDw fqMEmOpnv8SxZInepTapRiO9/fxqRfFMGCiiFNiFHsee9jG8KG4kmLQHOM9HFQZRZVQbqx4o4jQtfpN+al6EYjka27Pbw TNoAr8F4Q1aKA6Wj3/NUokzVMQhnKidScMMtMtiDKMcrDTcw0ZoUMygI6FgqSgu0Xl0RjvWibBfalsCoMr9ntHQVJd2mA r7f0e9W+tJP/TOrnpn3QLJrLcgKCTg/o5x0bi0nCcMAXU8JEFhCpm74rpI1GEGvstnjUh/P3kv+D2sBkGzfD6qHF2Xtsx j7bQDjpAITpGZ+gStVAbUfTuzDqrju98uIvuurs5KXWdumcD/Qh3+xMZxa88</latexit><latexit sha1_base64="613wfRW+Dlrdf+9rD5u2Jsrz6 zs=">AAACY3icbVHLSsQwFE3ru77qYydCcPCxGloRdCOIbly4GMFRYToOaXpnDJMmJUnFscxPunPnxv8w7RTxdeGSk3Pu vUlO4owzbYLgzXGnpmdm5+YXvMWl5ZVVf239VstcUWhTyaW6j4kGzgS0DTMc7jMFJI053MXDi1K/ewKlmRQ3ZpRBNyUDw fqMEmOpnv8SxZInepTapRiO9/fxqRfFMGCiiFNiFHsee9jG8KG4kmLQHOM9HFQZRZVQbqx4o4jQtfpN+al6EYjka27Pbw TNoAr8F4Q1aKA6Wj3/NUokzVMQhnKidScMMtMtiDKMcrDTcw0ZoUMygI6FgqSgu0Xl0RjvWibBfalsCoMr9ntHQVJd2mA r7f0e9W+tJP/TOrnpn3QLJrLcgKCTg/o5x0bi0nCcMAXU8JEFhCpm74rpI1GEGvstnjUh/P3kv+D2sBkGzfD6qHF2Xtsx j7bQDjpAITpGZ+gStVAbUfTuzDqrju98uIvuurs5KXWdumcD/Qh3+xMZxa88</latexit>
R =
24cos ✓ 0   sin ✓0 1 0
sin ✓ 0 cos ✓
3524 cos  sin  0  sin  cos  0
0 0 1
35
<latexit sha1_base64="Ataz/+A6KalsjdqCcq6Zy HDrB+4=">AAAC6HicdVJNb9QwEHVCoSV8dIEjF6srEJeukqoSXJAquHAsqNtWWq9WjjO7a+rYkT2pWEX7C7hw ACGu/CRu/Bpwsmm7aWEkKy9v3vOMPU4LJR3G8e8gvLVx+87m1t3o3v0HD7d7jx4fO1NaAUNhlLGnKXegpIYh SlRwWljgeargJD17W+dPzsE6afQRLgoY53ym5VQKjp6a9P6w1KjMLXL/qT4s6WsasRRmUldpztHKT8uI+mDCu IrhHJAv6XMa+7XLnFddcIw1ujqRNIKW6IhWxvW9IgY6uyr1/9LFXNb+1Xbtz2WR3Q7dMcTrnTXddUtOev14ED dBb4KkBX3SxuGk94tlRpQ5aBSKOzdK4gLHFbcohQJ/hNJBwcUZn8HIQ81zcOOqGdSSPvNMRqfG+qWRNuy6o+K 5q2fhlb6/ubueq8l/5UYlTl+NK6mLEkGLVaFpqSgaWk+dZtKCQLXwgAsrfa9UzLnlAv3biPwlJNePfBMc7w2 SeJC83+8fvGmvY4s8JTvkBUnIS3JA3pFDMiQigOBz8DX4Fn4Mv4Tfwx8raRi0niekE+HPv6Uy3og=</latexi t><latexit sha1_base64="Ataz/+A6KalsjdqCcq6Zy HDrB+4=">AAAC6HicdVJNb9QwEHVCoSV8dIEjF6srEJeukqoSXJAquHAsqNtWWq9WjjO7a+rYkT2pWEX7C7hw ACGu/CRu/Bpwsmm7aWEkKy9v3vOMPU4LJR3G8e8gvLVx+87m1t3o3v0HD7d7jx4fO1NaAUNhlLGnKXegpIYh SlRwWljgeargJD17W+dPzsE6afQRLgoY53ym5VQKjp6a9P6w1KjMLXL/qT4s6WsasRRmUldpztHKT8uI+mDCu IrhHJAv6XMa+7XLnFddcIw1ujqRNIKW6IhWxvW9IgY6uyr1/9LFXNb+1Xbtz2WR3Q7dMcTrnTXddUtOev14ED dBb4KkBX3SxuGk94tlRpQ5aBSKOzdK4gLHFbcohQJ/hNJBwcUZn8HIQ81zcOOqGdSSPvNMRqfG+qWRNuy6o+K 5q2fhlb6/ubueq8l/5UYlTl+NK6mLEkGLVaFpqSgaWk+dZtKCQLXwgAsrfa9UzLnlAv3biPwlJNePfBMc7w2 SeJC83+8fvGmvY4s8JTvkBUnIS3JA3pFDMiQigOBz8DX4Fn4Mv4Tfwx8raRi0niekE+HPv6Uy3og=</latexi t><latexit sha1_base64="Ataz/+A6KalsjdqCcq6Zy HDrB+4=">AAAC6HicdVJNb9QwEHVCoSV8dIEjF6srEJeukqoSXJAquHAsqNtWWq9WjjO7a+rYkT2pWEX7C7hw ACGu/CRu/Bpwsmm7aWEkKy9v3vOMPU4LJR3G8e8gvLVx+87m1t3o3v0HD7d7jx4fO1NaAUNhlLGnKXegpIYh SlRwWljgeargJD17W+dPzsE6afQRLgoY53ym5VQKjp6a9P6w1KjMLXL/qT4s6WsasRRmUldpztHKT8uI+mDCu IrhHJAv6XMa+7XLnFddcIw1ujqRNIKW6IhWxvW9IgY6uyr1/9LFXNb+1Xbtz2WR3Q7dMcTrnTXddUtOev14ED dBb4KkBX3SxuGk94tlRpQ5aBSKOzdK4gLHFbcohQJ/hNJBwcUZn8HIQ81zcOOqGdSSPvNMRqfG+qWRNuy6o+K 5q2fhlb6/ubueq8l/5UYlTl+NK6mLEkGLVaFpqSgaWk+dZtKCQLXwgAsrfa9UzLnlAv3biPwlJNePfBMc7w2 SeJC83+8fvGmvY4s8JTvkBUnIS3JA3pFDMiQigOBz8DX4Fn4Mv4Tfwx8raRi0niekE+HPv6Uy3og=</latexi t><latexit sha1_base64="Ataz/+A6KalsjdqCcq6Zy HDrB+4=">AAAC6HicdVJNb9QwEHVCoSV8dIEjF6srEJeukqoSXJAquHAsqNtWWq9WjjO7a+rYkT2pWEX7C7hw ACGu/CRu/Bpwsmm7aWEkKy9v3vOMPU4LJR3G8e8gvLVx+87m1t3o3v0HD7d7jx4fO1NaAUNhlLGnKXegpIYh SlRwWljgeargJD17W+dPzsE6afQRLgoY53ym5VQKjp6a9P6w1KjMLXL/qT4s6WsasRRmUldpztHKT8uI+mDCu IrhHJAv6XMa+7XLnFddcIw1ujqRNIKW6IhWxvW9IgY6uyr1/9LFXNb+1Xbtz2WR3Q7dMcTrnTXddUtOev14ED dBb4KkBX3SxuGk94tlRpQ5aBSKOzdK4gLHFbcohQJ/hNJBwcUZn8HIQ81zcOOqGdSSPvNMRqfG+qWRNuy6o+K 5q2fhlb6/ubueq8l/5UYlTl+NK6mLEkGLVaFpqSgaWk+dZtKCQLXwgAsrfa9UzLnlAv3biPwlJNePfBMc7w2 SeJC83+8fvGmvY4s8JTvkBUnIS3JA3pFDMiQigOBz8DX4Fn4Mv4Tfwx8raRi0niekE+HPv6Uy3og=</latexi t>
✓ = arcsin vz











<latexit sha1_base64="i4QZX0XovBwE wrDv4wn00zSWGQ4=">AAACYnicbVE9T8MwEHXCVylfBUYYLCoEC1WCkGBBqmBhBEQB qQmV41xaq44T7AtSFeVPsjGx8ENwSwdaeJLlp3fvdOfnKJfCoOd9OO7C4tLySm21vr a+sbnV2N55NFmhOXR4JjP9HDEDUijooEAJz7kGlkYSnqLh9bj+9AbaiEw94CiHMGV9 JRLBGVqp1xgFUSZjM0rtVb5W9JIGhYpBR5pxKAMJCXbpb8999VKe+NWMNqyOjuZMNNC iP8Cw6pWzzipQLJKMPvQaTa/lTUD/En9KmmSK217jPYgzXqSgkEtmTNf3cgxLplFwC VU9KAzkjA9ZH7qWKpaCCctJRBU9tEpMk0zbo5BO1N8dJUvNeEfrTBkOzHxtLP5X6xa YXISlUHmBoPjPoKSQFDM6zpvGQgNHObKEcS3srpQPmE0X7a/UbQj+/JP/ksfTlu+1/ LuzZvtqGkeN7JEDckx8ck7a5Ibckg7h5NNZcjadLefLrbvb7u6P1XWmPbtkBu7+N0g Kudo=</latexit><latexit sha1_base64="i4QZX0XovBwE wrDv4wn00zSWGQ4=">AAACYnicbVE9T8MwEHXCVylfBUYYLCoEC1WCkGBBqmBhBEQB qQmV41xaq44T7AtSFeVPsjGx8ENwSwdaeJLlp3fvdOfnKJfCoOd9OO7C4tLySm21vr a+sbnV2N55NFmhOXR4JjP9HDEDUijooEAJz7kGlkYSnqLh9bj+9AbaiEw94CiHMGV9 JRLBGVqp1xgFUSZjM0rtVb5W9JIGhYpBR5pxKAMJCXbpb8999VKe+NWMNqyOjuZMNNC iP8Cw6pWzzipQLJKMPvQaTa/lTUD/En9KmmSK217jPYgzXqSgkEtmTNf3cgxLplFwC VU9KAzkjA9ZH7qWKpaCCctJRBU9tEpMk0zbo5BO1N8dJUvNeEfrTBkOzHxtLP5X6xa YXISlUHmBoPjPoKSQFDM6zpvGQgNHObKEcS3srpQPmE0X7a/UbQj+/JP/ksfTlu+1/ LuzZvtqGkeN7JEDckx8ck7a5Ibckg7h5NNZcjadLefLrbvb7u6P1XWmPbtkBu7+N0g Kudo=</latexit><latexit sha1_base64="i4QZX0XovBwE wrDv4wn00zSWGQ4=">AAACYnicbVE9T8MwEHXCVylfBUYYLCoEC1WCkGBBqmBhBEQB qQmV41xaq44T7AtSFeVPsjGx8ENwSwdaeJLlp3fvdOfnKJfCoOd9OO7C4tLySm21vr a+sbnV2N55NFmhOXR4JjP9HDEDUijooEAJz7kGlkYSnqLh9bj+9AbaiEw94CiHMGV9 JRLBGVqp1xgFUSZjM0rtVb5W9JIGhYpBR5pxKAMJCXbpb8999VKe+NWMNqyOjuZMNNC iP8Cw6pWzzipQLJKMPvQaTa/lTUD/En9KmmSK217jPYgzXqSgkEtmTNf3cgxLplFwC VU9KAzkjA9ZH7qWKpaCCctJRBU9tEpMk0zbo5BO1N8dJUvNeEfrTBkOzHxtLP5X6xa YXISlUHmBoPjPoKSQFDM6zpvGQgNHObKEcS3srpQPmE0X7a/UbQj+/JP/ksfTlu+1/ LuzZvtqGkeN7JEDckx8ck7a5Ibckg7h5NNZcjadLefLrbvb7u6P1XWmPbtkBu7+N0g Kudo=</latexit><latexit sha1_base64="i4QZX0XovBwE wrDv4wn00zSWGQ4=">AAACYnicbVE9T8MwEHXCVylfBUYYLCoEC1WCkGBBqmBhBEQB qQmV41xaq44T7AtSFeVPsjGx8ENwSwdaeJLlp3fvdOfnKJfCoOd9OO7C4tLySm21vr a+sbnV2N55NFmhOXR4JjP9HDEDUijooEAJz7kGlkYSnqLh9bj+9AbaiEw94CiHMGV9 JRLBGVqp1xgFUSZjM0rtVb5W9JIGhYpBR5pxKAMJCXbpb8999VKe+NWMNqyOjuZMNNC iP8Cw6pWzzipQLJKMPvQaTa/lTUD/En9KmmSK217jPYgzXqSgkEtmTNf3cgxLplFwC VU9KAzkjA9ZH7qWKpaCCctJRBU9tEpMk0zbo5BO1N8dJUvNeEfrTBkOzHxtLP5X6xa YXISlUHmBoPjPoKSQFDM6zpvGQgNHObKEcS3srpQPmE0X7a/UbQj+/JP/ksfTlu+1/ LuzZvtqGkeN7JEDckx8ck7a5Ibckg7h5NNZcjadLefLrbvb7u6P1XWmPbtkBu7+N0g Kudo=</latexit>
FiberForm 8003
F. Panerai et al., Micro-tomography based analysis of thermal conductivity, 
diffusivity and oxidation behavious of rigid and flexible fibrous insulators, 












• Marching Cubes for surface triangulation
• The total heat flux is computed by iteratively 
solving the sparse coupled linear system:
• View Factors are determined by projecting 








|nˆi · rˆij ||nˆj · rˆij |
|~rij |2 dAjdAi
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Ti:   Temperature of surface i!i:   Emissivity of surface i
Fij:  View Factor, fraction of radiation
from surface j reaching surface i)
Heat Transfer Calculation
330μm
844μm
A
B
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